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Abstract-We study the self-similar source solution of the Barenblatt equation for elasto-plastic 
filtration through porous rock, in the limit of large compressibility and small elastic recovery of the 
rock. 
Consider the flow of an elastic fluid through an elasto-plastic porous medium. Then the pressure p, 
the density p, the porosity cp and the velocity v are governed by the following physical laws: 
(wh + div(pv) = 0 (conservation of mass) 
k 
v = -- gradp 
/L 
(Darcy’s law) 
P 
- = 1 + A(p - PO) (equation of state of the fluid) 
PO 
‘Pt = cpo B(Pt)Pt (equation of st,ate of the medium), 
where k denotes the permeability of the medium, p the viscosity of the fluid and A and B 
coefficients of compressibility. Because the medium is assumed to be elasto-plastic the compress- 
ibility of the medium depends on the sign of pt: we, therefore, write B(pt) = B+ if pt > 0 and 
B(pt) = B- if p, < 0, where B+ and B- are positive numbers. If we eliminate p, q and v, we 
obtain to first order 
pt = K* Ap, (1) 
where Q = k/{pLcpo(A + B*)}. For further details about the derivation of this equation, we refer 
to [l-4] and about its mathematical analysis to [S-7]. 
If we set 
Y= 
K- - K+ 
K+ + K_ 
and t=; (-&+;)t*, 
and omit the asterisk again, we can write (1) in the canonical form 
it + 7 lptl = AP. (2) 
In this note, we focus on the limiting situation in which the compressibility of the rocks is much 
greater than that of the water and the rocks exhibit very little elastic recovery. It is well-known 
that these conditions often pertain in rocks close to the surface. Thus, we consider the limit 
A = 0 and B_ < B+, so that ti- > K+ and y M 1. 
It has been shown [1,7,8] that equation (2) has a self-similar solution of the form 
p(z,t) = t-“+(q), 7, = (51 
tl/2 ’ cl > 0, 
which is singular at the origin and vanishes elsewhere as t --t 0: 
p(z,t)-+O as t--tO+andz#O 
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The exponent (Y in (3) appears as an eigenvalue in a nonlinear eigenvalue problem involving a 
two-point boundary value problem for f. This eigenvalue problem has recently been studied in 
some detail and the following properties of (Y have been established. 
(A) For each y E (-1,l) there exists a unique exponent cr, which we denote by a(y). 
(B) The function (Y(Y) is analytic. 
(C) (Y(Y) is strictly increasing and 
1 
47) + (N - 2)+ as y + -1, 
Q(Y) + 00 as y --+ fl, 
where (z)+ = max{z,O}. 
(D) 
(Y(O) = N and @ 
4 &?N/2 
dy y=o = e& (z) 
The properties (A) and (C) were proved in (71, (B) was proved in [9], and in (D) the value of 
o!(O) was found for N = 1 in [lo] and for arbitrary N in [9]. 
In this letter, we announce further asymptotic results result about the exponent (Y(Y) and the 
scaled pressure profile f(q; y). The first result refines the limiting behaviour of a(y) given in (C). 
THEOREM 1. We have 
where 
N 
v=---1 
2 
and pV denotes the first zero of the Bessel function J,. 
Let p(:c, t) be the self-similar solution defined by (3). Th en one finds that for every t > 0, there 
exists exactly one radius R(t; y) at which pt = 0 and the character of the equation changes. In 
the following theorem, we give the asymptotic behaviour of R as y -+ 1. 
THEOREM 2. For every fixed t > 0, we have 
t-‘l”R(t; y) N (23/2p,)1’2(1 - y)-‘/’ as y --f 1. 
For the function f WC find: 
THEOREM 3. Let f(q; y) be tk solution of the nonlinear eigenvalue problem obtained by sub- 
stituting (3) into (2). Then 
where 
r(~ + 1) (+<pu) --v J, (; Cpv) jfO<<<2 
if< > 2, 
uniformly with respect to 0 5 < < 2. 
The proofs of these limits are based on a careful analysis of the Riccati equation obtained after 
transforming the variables 17 and f to 
and y(t) = -73f 
f ’ 
It reads 
y’ = -F(y - a) + &{y - (N - 2)}, t > 0. 
The details of this analysis will appear in 111). 
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